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ABSTRACT 

A vessel stowage static study (a phase of the "Transportability Study 
on Movement Worldwide of the Pershing Missile System") was conducted on 
a Pershing missile system second stage motor container, XM 476. The 
purpose of the study was to evaluate the structural integrity of a pro- 
posed procedure for the stowage of an XM 476 and similar containers aboard 
a vessel subjected to adverse ocean environments, that is, State of Sea, 
Bowditch Scale 5-7. Dynamic loadings likely to accrue fron such an en- 
vironment were empirically reduced to static criteria and measurement. 
Other portions of the overall study will obtain actual measurements of 
the dynamic loading. The applied static loading conditions were (1) 3g 
vertical, (2) 3g transverse, and (3) lg longitudinal. 

Results of the study showed that the container skids do not have the re- 
q^red structural strength to resist the applied static loading conditions, 
The proposed stowage plan and restraining procedure proved to be satis- 
factory in withstanding the applied static loads. 
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I.     INTRODUCTION 

During a n»eeting at Savanna Army Depot, 24-25 June 1965, on "Transporta- 
bility Criteria," engineers of various Army commands and agencies revieued 
problems encountered In the movement, worldwide, of the Pe.rshing missile 
system. 

To determine a more realistic understanding of the problems and their 
causes, representatives of the Director of Transportation, Office of the 
Deputy Chief of Staff for Logistics, Department of the Army, and the 
Pershing Project Office, Redstone Arsenal, Alabama, visited Military 
Ocean Terminal, Sunny Point, North Carolina, 16-19 August 1965, to ob- 
serve the outloadlng of first and second stage motor containers. As a 
result of this meeting, the following conclusions were reached: 

1. A requirement exists to develop shipping standards and proce- 
dures, based on scientifically developed transportability cri- 
teria, that will provide safe and effective movement and termi- 
nal handling of the Pershing missile system worldwide. 

2. The Pershing system containers and terminal material handling 
equipment are not complementary or compatible, consequently 
resulting in an unsatisfactory stowing condition aboard the 
vessel. 

3. A need exists to develop modern stowing techniques that will re- 
duce dunnage and that will facilitate and expedite the loading 
of a vessel. 

4. The concepts developed for CONUS terminals should be equally 
applicable to and adaptable for immediate employment in overseas 
terminals. 

In further pursuit, a program to conduct a scientific "Transportability 
Study on Movement Worldwide of the Pershing Missile System" was prepared. 
The purpose of this program is to establish transportability criteria 
that will serve as a basis for developing movement standards and proce- 
dures. 

A meeting was held in the Office of the Deputy Chief of Staff for Logis- 
tics, Transportation Engineering Office (DCSLOG/TENO), 21-22 September 
1965, to review, coordinate, and approve the study.  Participating agen- 
cies included representatives of DCSLOG/TENO; U.S. Army Materiel Command 
(USAMC); U.S. Army Supply and Maintenance Command (USASMC); Military Traf- 
fic Management and Terminal Service (MTMTS); Headquarters, Eastern Area, 
Military Traffic Management and Terminal Service (HQ, EAMTMTS); U.S. Army 
Missile Command (USAMICOM); and the U.S. Army Transportation Engineering 
Agency (USATEA).  Upon approval, USATEA was instructed to conduct the 
transportability study. 



This report. Volume IV of the PERSHING TRANSPORTABILITY STUDY, presents the 
results of the vessel stowage static study.  Other reports on the PERSHIHG 
TRANSPORTABILITY STUDY include Volume I, Calculations and Analysis of Rail- 
way Tests; Volume II, CONUS Railways; and Volume III, Foreign Railways. 



II.  OBJECTIVE 

To evaluate the structural integrity of a restraining arrangement for the 
stowage of Pershing missile containers aboard a vessel and the ability of 
the containers to withstand restraining loads. 

III. CONCLUSIONS 

i.. The container skids do not have the required structural strength to 
resist an applied 3g transverse load (load applied to end of skid) 
when the containers are arranged in a series of four. 

2. The container skids do not have the required structural strength to 
resist a lg longitudinal load when the containers are arranged in a 
series of ten. 

3. The container can satisfactorily withstand a 3g vertical loading. 

4. The tested restraining arrangement for stowage of r  - itainers 
aboard a vessel can satisfactorily withstand vertier,  ransverse, 
and longitudinal loads up to the amount of the loads applied in the 
tests. 

5. The two bolts attaching the skid to the container do not have the re- 
quired shear strength, consequently making it imperative that the skid 
be abutted flush with the forklift receptacle to provide additional 
strength. 

6. The skids on one end of the containers are transversely reinforced by 
the container base structure, whereas the skids on the opposite end are 
not reinforced.  The unsupported end does not have the required struc- 
tural strength to resist loads oriented transversely to the container. 

IV.  RECOMMENDATIONS 

To provide the required structural strength to resist restraining loads 
during shipment, without retrofit to the container, the tested stowage 
plan and restraining arrangement be modified as follows: 

a. Two 4-by-6-inch timbers be applied between the unsupported 
skids to transmit rertraining forces applied transversely to 
the container. 

b. Hardwood filler blocks be applied between the end of the skids 
and the forklift receptacles on those containers where the skid 
is not abutted flush with the receptacle. 



.X- 

2. The unsupported skids be modified to provide strength equal to that of 
the reinforced skids. 

3. Manufacturing tolerances be maintained to insure that the ends of the 
container skids are abutted flush with the forklift receptides. 

4. The proposed stowage plan and restraining arrangement be followed 
during actual container movements. 

5. When additional criteria and information are obtained, the proposed 
stowage plan and restraining arrangement be reevaluated to accomplish 
maximum optimization in the shipping procedures. 

V 

f 
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FIELD EVALUATION 

GENERAL 

The stowage of Pershlng missile containers aboard a vessel has been pre- 
dicated on the following requirements: 

1. Tht containers would be loaded In the upper tween deck of the 
vessel. 

2. The deck would be of steel structure without restraining devices, 

3. A modular (one or more) concept and standard restraining methods 
would be used in stowing containers. The proposed stowing and 
restraining arrangements are illustrated in USATEA Drawings 410- 
65-001 through 410-65-005. 

To evaluate the structural integrity of the proposed restraining arrange- 
ment and the effects of restraining loads on the containers, static tests 
were conducted and the results are presented herein. 

DESCRIPTION OF EQUIPMENT 

The container used in the study was a Research and Development (R&D) 
XM 476, illustrated in Figure 1.  Other Pershlng missile system contain- 
ers have a similar geometry and construction; therefore, the results of 
the study are equally applicable to them. 

INSTRUKENTATION 

Vertical Load Application. Vertical loading was applied by simulated 
known weights. 

Longitudinal Load Application.  The load, applied by three 30-ton hydraulic 
jacks, was measured electronically on compression-type load cells and re- 
corded on a visicorder, as illustrated schematically in Figure 2. 

Lateral Load Application . The load, applied by two 30-ton hydraulic 
jacks, was measured electronically on compression-type load cells and 
recorded on e  strain indicator, as illustrated schematically in Figure 3. 
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COX AND STEVENS lOO.OOO-LB. PRECISION LOAD CELL. 
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HHH h 

THREE 6-VOLT 

BATTERIES 

115-VOLT, 
60-CYCLE 

POWER SOURCE 

BRIDGE 

BALANCE 

BOX 

HONEY WELL 
VISICORDER 

MODEL 
906A-159XFOH 

rl 

^h 
24-VOLT, D.C. 

Figure 2,  Schematic of Instrumentation. 
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Figure 3.  Schematic of Instrumentation. 
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VI.  TRANSPORTATION ENGINEERING ANALYSIS 

In analyzing the transportation engineering aspects, static field tests 
were conducted in which an R&D XM 476 Pershing missile container was 
placed in a reinforced concrete test pit. Transportability criteria 
loadings were applied as described in the following paragraphs. 

Vertical Loading Procedures and Results 

Vertical restraining members and accompanying lateral support members were 
installed in conformance with the stowage plan and restraining arrangement 
drawings. Figure 4 illustrates the vertical restraining members. A load- 
ing platform was constructed on top of the vertical 4-by-4-inch members, 
as shown in Figure S. 

The first test loading consisted of four 2,500-pound concrete blocks as- 
sembled as a unit load. This load was placed on the platform and removed 
by a truck crane seven times in a 15-minute period, and then left on the 
platform for 5 minutes. The total load on the container stacking pads 
(including weight of timber) in the test was 10,425 pounds. 

The second and final loading consisted of seven 2,500-pound concrete blocks 
assembled as a unit load. This load was placed on the platform and re- 
moved by a truck crane six times in a 20-minute period, and then left on 
the platform for 10 minutes.  Figure 6 illustrates the 17,500-pound load 
positioned on the platform.  The total load on the container stacking pads 
(including the weight of timber) in the test was 17,925 pounds. 

The timber restraining arrangement sustained the applied loads, with no 
apparent damage to the container. 

Longitudinal Loading Procedures and Results 

Longitudinal restraining members were installed in conformance with the 
stowage and restraining arrangement drawings.  A simulated load equal to 
10 containers in series was applied.  Figure 7 illustrates the restraining 
members under test .  The first loading was applied at four points along 
the container and amounted to a total force of 30,000 pounds. Application 
of load at this point was stopped because of the inward deflection of both 
the aft container skids.  To prevent damage to the unsupported skids and 
to provide for load transfer in the recommended restraining arrangement, 
the load was released and two 4-by-6-inch timbers were installed between 
the unsupported skids. 

The final test setup was changed to include three hydraulic jacks and six 
load cells, as illustrated in Figure 8. 

10 



Figure 4. Vertical Restraining Arrangement, 
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Figure 7.  Longitudinal Restraining Members Under Test, 
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Figure 8.  Test Setup for Longitudinal Loading. 
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The load was applied and maintained as indicated in Table I. 

TABLE I 
LONGITUDINAL LOADS  APPLIED 
TO R&D XM 476 CONTAINER 

Total Loads Duration 
(lb) (min) 

60,000 to 66,500 15 
66,500 to 56,000 5      j 

56,000 to 65,300 12 
65,300 to 74,500 13 
74,500 to 66,400 4 
66,400 to 70,500 20 
70,500 to 72,000 10 
72,000 to 72,700 15 

The restraining arrangement sustained the applied loads. The unsupported 
container skids did not have adequate strength to transmit the restrain- 
ing loads; consequently, it was necessary to apply two 4-by-5-inch timbers 

between the skids. 

Transverse Loading Procedures and Results 

Transverse restraining members were installed in conformance with the 
stowage plan and restraining arrangement drawings, to simulate a loading 
of four containers in one line. Two 4-by-6-inch cross members between the 
unsupported skids, and wood filler blocks between the end of the skids and 
the forklift receptacle were installed.  Figure 9 illustrates the restrain- 
ing members under test. The design loads were applied by two 30-ton hy- 
draulic jacks and measured on two load cells, as illustrated in Figure 10. 
The load was applied and maintained as shown in Table II. 

TABLE II 
TRANSVERSE LOADS APPLIED 
TO R&D XM 476 CONTAINER 

Total Lo ads Duration 
(lb) (min) 

50,000 10 
60,000 10 
80,000 10 
69,000 10 
56,000 to 101 ,000 20 

-— ■ —     — ■ ' ■ —          i 
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i 
The first indication of failure of the container skids occurred when the 
80,000-pound load was applied.  This initial failure was detected by a 
i-inch movement of the right unsupported skid, which caused initial de- 
formation of the forklift receptacle.  Under the lOl.COO-pound load, the 
two bolts attaching the right unsupported skid to the container sheared 
otf.  One bolt on the left unsupported skid sheared off, and the two 
channel sections (forming the forklift receptacles) were bent as illus- 
trated in Figure 11.  The transverse restraining arrangement sustained 
the applied loads. 

19 
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VII.  TRANSPORTATIOW SYSTEM ANALYSIS 

Design loadings for the restraining arrangement are based on accelerations 
of 3g vertically and transversely and lg longitudinally. The loadings re- 
sulting from these accelerations are considered to be ultimate loads. The 
maximum expected loads are one-half the ulLimate loads, as a<it  forth in 
TB 55-100 (Reference 3). 

Since the XM 475 and XM 476 containers are identical in configuration, the 
design of their restraining systems is identical.  Induced loads are based 
on the XM 475- which is the heavier of the two. The same procedure was 
applied in the design of the restraining system for the XM 474; however, 
since the XM 474 is much smaller and lighter in weight, its weight was 
used in computing the design loads for separate stowage. 

The ultimate forces for the loading condition producing the maximum force 
on the XM 475 container are as follows: 

Vertical, upward (1 container) 

(3 X 9,110 lb) - 9,110 lb . 18.220 lb 

Transverse (4 containers in line) 

3(4 X 9,110 lb) - 0.2*(4 X 9,110 lb) . 102.032 lb 

Longitudinal (10 containers in series) 

1(10 X 9,110 lb) - 0.2*(10 X 9,110 lb) . 72,880 lb 

♦Minimum coefficient of friction, wood on steel, dry. 

The test demonstrated that the restraining arrangement will sustain the 
ultimate design loads, consequently providing a minimum margin of safety 
ot 97 percent as regards the expected maximum loads as set forth in 
TB 55-100. 

The XM 476 container sustained the ultimate vertical load without any ap- 
parent damage; however, such was not the case under the longitudinal and 
transverse loads. 

When subjected to the longitudinal loading at a load of 30,000 pounds, the 
unsupported skids were deflected inward approximately one-quarter inch. 
It was apparent that the skids would fail unless provisions were made for 
load transfer. Accordingly, two 4-by-6-inch timbers were installed be- 
tween the unsupported skids.  This procedure was effective, and the con- 
tainer sustained the ultimate design load. 

Under the transverse loading, failure of the skid bolts and bending of the 
channel sections (which form the forklift receptacles) started at a load 

21 
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of 80,000 pounds and complete fallurs occurred at 101,000 pounds.  Since 
the maximum expected transverse load is 47,400 pounds, the minimum margin 
of safety as regards the maximum expected loads for the container skids is: 

80.000 
47,400 

1100 z  69%. 
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